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Abstract

Objective To investigate neutralizing antibody levels in symptomatic and asymptomatic patients with
coronavirus disease 2019 (COVID-19) at 6 and 10 months after disease onset.

Methods Blood samples were collected at three different time points from 27 asymptomatic
individuals and 69 symptomatic patients infected with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Virus-neutralizing antibody titers against SARS-CoV-2 in both groups were measured and
statistically analyzed.

Results The symptomatic and asymptomatic groups had higher neutralizing antibodies at 3 months
and 1-2 months post polymerase chain reaction confirmation, respectively. However, neutralizing
antibodies in both groups dropped significantly to lower levels at 6 months post-PCR confirmation.

Conclusion Continued monitoring of symptomatic and asymptomatic individuals with COVID-19 is key
to controlling the infection.
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INTRODUCTION

evere acute respiratory  syndrome
Scoronavirus 2 (SARS-CoV-2) is a single-
stranded, positive-sense, non-segmented
enveloped RNA virus belonging to the genus
Betacoronavirus of the family Coronaviridae. It
causes the coronavirus disease-19 (COVID-19) in
humans. Identified in December 2019™, COVID-19
has caused a global pandemic beginning from March

2020. As per the report by the World Health
Organization (WHO), there are 599.8 million
confirmed cases of COVID-19, and 6.4 million
confirmed deaths globally as of September 1, 2022
(https://www.who.int/emergencies/diseases/novel-
coronavirus-2019). The symptoms of COVID-19
include dry cough, fever, sore throat, and loss of
taste and smell, and serious complications such as
septic shock, severe pneumonia, renal failure, and
acute respiratory distress syndrome (ARDS), and
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presentations may range from asymptomatic to
pneumonia and ARDS™?. Transmission of SARS-CoV-
2 is through contact, droplets, fomites, or airborne
or fecal-oral routes.

In general, symptomatic SARS-CoV-2-positive
patients are detected when they seek medical
attention; however, without imperative testing,
asymptomatic carriers can be missed and contribute
to the spread of SARS-CoV-2. In addition, for any
region where testing is not required for all
individuals, asymptomatic cases can compromise the
control programs implemented.  Therefore,
asymptomatic carriers are believed to be the main
drivers of the SARS-CoV-2 pandemic[4’5]. Many
studies have reported the detection of SARS-CoV-2-
positive individuals among different populations,
including healthcare workers, children, pregnant
patients, cruise ship passengers and staff, airplane
passengers, close contacts of SARS-CoV-2-positive
patients, and individuals from homeless shelters,
nursing facilities, military quarantine facilities,
rehabilitation facilities, and jails'**® (Supplementary
Tables S1 and S2, available in www.besjournal.com).
Several factors, including the total number of testing
populations and conflation of true asymptomatic
and pre-symptomatic individuals, affect the
percentage of SARS-CoV-2-positive asymptomatic
individuals in the defined populations.

Although many studies have reported the
detection of SARS-CoV-2-positive asymptomatic
populations in different countries, immune
responses in asymptomatic individuals are
understudied, and data have been inconsistent. In
addition, the durability of the protective immune
responses against SARS-CoV-2 remains unclear. A
seroprevalence study from the United States using
an immunoassay to detect antibodies to the SARS-
CoV-2 nucleocapsid protein showed that 6.6% (4,094
of 61,910) of asymptomatic population was
seropositivem]. A study from China reported that of
63 asymptomatic individuals tested positive for
SARS-CoV-2 utilizing both molecular tests and
immunoglobulin (Ig) M- and IgG-based serological
tests, 39 (61.9%) produced low titers of neutralizing
antibodies, which started as early as 7 days post-
exposure, peaked between 10 and 25 days post-
exposure, and subsequently dropped rapidly. In
contrast, 45 of 51 patients with mild symptoms
produced higher neutralizing antibodies, which
peaked around 22 days post-symptom onset and
were maintained for at least 65 daysm].

In the present study, we measured the
neutralizing antibodies of asymptomatic and

symptomatic individuals with COVID-19 at three
time points post-polymerase chain reaction (PCR)
confirmation and summarized meta-analysis studies
on asymptomatic SARS-CoV-2 infection.

METHODS

Patients and Sera

In this study, 69 symptomatic [42 males and 27
females, average age of 43.4 years (standard
deviation = 16.5)] and 27 asymptomatic [13 males
and 14 females, average age of 35.8 years (standard
deviation = 13.9)] patients were confirmed SARS-
CoV-2-positive by a PCR assay targeting the ORFlab
and N genes. These individuals were infected during
the outbreak period from June to December 2020,
and their serum samples were collected at different
time points from June 2020 to October 2021 in
Beijing. The symptomatic patients were hospitalized
with no previous medical history and characteristic
chest computed tomography (CT) findings of COVID-
19 pneumonia. These symptomatic patients had
respiratory symptoms and pneumonia on CT and
were SARS-CoV-2 PCR-positive, whereas the
asymptomatic patients were only PCR-positive
without the respiratory symptoms or pneumonia.
Blood samples were collected from symptomatic
patients at 3, 6, and 10 months post-PCR
confirmation and from asymptomatic patients at 1,
2, and 6 months post-PCR confirmation. This study
was reviewed and approved by the Ethics Committee
of Beijing Center for Disease Control and Prevention
(2020026). Written informed consent was obtained
from all patients.

Microneutralization Assay

A SARS-CoV-2 microneutralization assay was
performed using Vero cells as previously
described®*”. Serum samples were heat-inactivated
at 56 °C for 30 min. The serum samples were
subsequently serially diluted two fold and equally
added to 100 pL of cell medium containing 100 cell
culture infectious dose. The serum-virus mixture was
incubated for 2 h at 37 °C with 5% CO,.
Subsequently, 96-well cell culture plates with semi-
confluent Vero cell monolayers were inoculated with
100 pL of the mixture at each dilution, in duplicate.
The plates were incubated for 5 days at 37 °C and
subsequently examined for cytopathic effects. The
highest serum dilution that inhibited at least 50% of
the cytopathic effects was considered as the
neutralization titer.
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Virus antibody mix was subsequently added to
cells in 96-well plates, and the plates were incubated
at 37 °C with microscopic examination for cytopathic
effects after 5-day incubation.

Statistical Analysis

SPSS software (version 19.0) was used for
statistical analysis. The Kruskal-Wallis test was used
to compare the neutralizing antibody titers of the
symptomatic and asymptomatic groups at different
time points after PCR confirmation. Statistical
significance was set at a P value < 0.05.

RESULTS AND DISCUSSION

All symptomatic and asymptomatic individuals
were confirmed to be SARS-CoV-2 positive by PCR.
Neutralizing antibodies of 69 symptomatic patients
peaked (83.3 * 105.9) at 3 months post-PCR
confirmation and significantly dropped at 6 (22.9 +
22.6) and 10 months (7.7 £ 10.1) post-confirmation
(Figure 1). Neutralizing antibodies in 27 asymptomatic
patients showed a similar trend with relatively higher
levels at 1 month post-confirmation (103.1 + 64.8),
lower levels at 2 months post-confirmation (81.2 +
64.1), and significantly lower levels at 6 months post-
confirmation (19.6 + 10.3) (Figure 1). Compared with
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the symptomatic group, the asymptomatic group had
relatively lower levels of neutralizing antibodies at 2
and 6 months post-confirmation.

Overall, our data showed that neutralizing
antibodies gradually dropped to lower levels in both
symptomatic and asymptomatic individuals with
COVID-19, and symptomatic patients had relatively
higher levels of neutralizing antibodies at 6 months
post-confirmation, consistent with the previous
findings that the levels of neutralizing antibodies were
correlated with disease severitym]. A study from South
Korea analyzed antibody status in seven asymptomatic
individuals and 11 patients with pneumonia at 2 and 5
months after symptom onset®. This study showed
that both asymptomatic and symptomatic patients
had neutralizing antibodies at 2 and 5 months after
infection, and antibody levels decreased from 219.4 at
2 months post-infection to 143.7 at 5 months post-
infection. At 8 months post-infection, 4 of 7
asymptomatic individuals were still positive for
neutralizing antibodies®™. In the aforementioned
study, neutralizing antibody titers decreased more in
symptomatic than in asymptomatic patientsBO], which
differs from our finding that neutralizing antibody
titers of asymptomatic patients decreased in a similar
trend as those of symptomatic patients. A follow-up
study of 31 asymptomatic patients with COVID-19
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Figure 1. SARS-CoV-2 neutralizing antibody titers at three different time points (Statistical significance
was set at P < 0.05). (A) 3, 6, and 10 months post-PCR confirmation for symptomatic patients. (B) 1, 2,
and 6 months post-PCR confirmation for asymptomatic patients.
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showed that 74% of the patients did not have
circulating immunoglobulins against SARS-CoV-2 at 8
weeks post-testing. Over 40% of these patients had no
detectable immunoglobulin at either time point with
an 8-week interval®,

In the present study, we observed that the
neutralization titers of both asymptomatic and
symptomatic groups dropped to very low levels at 6
months post-PCR confirmation. This indicates that
higher levels of neutralizing antibodies elicited
through one-time infection of SARS-CoV-2 only
persist for less than half a year. Therefore, SARS-
CoV-2 immunization would be still required for
protection against future infection.

The data of the present study were obtained
from SARS-CoV-2 outbreaks in Beijing, China. The
present study has a few limitations. First, our study
was not prospectively controlled, and patient
demographic factors, such as drug history and
radiology findings in the symptomatic group, were
not evaluated. Second, the evaluation periods post-

PCR confirmation for the symptomatic and
asymptomatic groups were different, which made
data analysis between the groups difficult. Third, the
sample sizes of the groups (n = 27 and n = 69) were
not sufficiently large. Fourth, the study could not
include data related to the immune responses
against SARS-CoV-2 variants.

In contrast to the limited number of studies on
immune responses of asymptomatic patients with
COVID-19, there are several studies on the
prevalence of asymptomatic infection®. There have
been seven meta-analyses on the prevalence of
asymptomatic COVID-19 infection. These seven
studies analyzed the data from 6-390 published
studies, and reported the percentage of
asymptomatic individuals with COVID-19 to be 15.6%
(41 studies)®, 17% (13 studies)®”, 20% (79
studies)[ssl, 24.2% (6 studies)w, 25% (28 studies)[ggl,
35.1% (390 studies)”, and 48.2% (16 studies)"”
(Table 1). Among these, the meta-analysis with 16
studies indicated a significant heterogeneity among

Table 1. Meta-analysis studies on asymptomatic COVID-19 cases

Total number of % of asymptomatic

studies included individuals Note Reference  Publication time
6 24.2 (SD, 22.06) 34 studies were included in the qualitative Ref™  June 17,2020
synthesis, and 17 studies (13 case reports and 4
case series) for meta-analysis contained CT or lab
test results. Individuals with normal radiology
results were significantly younger (19.59 + 17.17
years) than patients with abnormal radiology
results (39.14 + 26.70 years). Data from 6 case
series were used to calculate the percentage of
asymptomatic individuals
41 15.6 (95% CI: 10.1-23.0) 180 asymptomatic individuals reported from 10 Ref*  July 21, 2020
studies included 48.9% pre-symptomatic
individuals. 24: all ages, 9% 11: children, 27.7% 3:
older adults, 28.3% 4: pregnant women, 49.9%
79 20 (95% Cl: 17-25) 7 studies screening all potentially exposed people  Ref 38l July 28, 2020
in the defined populations and followed-up after
testing, 31% (59% Cl: 26%—37%) remained
asymptomatic
13 17 (95 CI : 14-20) 4% in Korea to 40% in Vo, Italy, and in an aged Ref &7 September 13, 2020
care facility in the United States Non-aged care,
16% and aged care, 21%.
16 48.2 (95% CI: 30.0-67.0) 8 studies with age subgroup analysis, children, Ref ™ January 20, 2021
with significant heterogeneity 49.6%; adults, 30.3%; and older adults, 16.9%.
noted among studies. Actual 39% prevalence of true asymptomatic cases
proportion of asymptomatic versus 15.3% of pre-symptomatic cases in 10
cases, 31.1% studies
28 25 (95% Cl: 16-38) Ref®?  March 23,2021
390 35.1 (95% CI: 30.7-39.9) 42.8% of cases without symptoms at the time of Ref 19 August 10, 2021

testing. Children: 46.7% Older adults: 19.7%
Comorbidities had significantly lower
asymptomaticity compared with cases without
underlying medical conditions.

Note. SD, standard deviation; C/, confidence interval; CT, computed tomography.
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the studies, and the actual proportion of
asymptomatic COVID-19 cases was reported to be
31.1%"". Subgroup analysis of different age groups
showed similar percentages of asymptomatic COVID-
19 cases in children (27.7%) and older adults (28.3%)
in one studym]; however, this was significantly
higher in children than in older adults in two studies
(46.7% vs. 19.7%, and 49.6% vs. 16.9%)"“*"". In
addition, one study analyzed the radiology results in
patients with COVID-19 and revealed that individuals
with normal radiology results were significantly
younger 19.59 + 17.17 vyears than those with
abnormal radiology results 39.14 + 26.70 years[‘”.
Overall, these studies suggested that asymptomatic
individuals accounted for 15.6%—35.1% of the total
number of SARS-CoV-2-positive individuals.

Two of the three above-mentioned meta-analysis
studies showed that children had a higher
percentage of asymptomatic SARS-CoV-2 infection
than older adults"**Y. The asymptomatic group of
children could be a main concern as they may spread
the virus to classmates and family members if no
active testing and quarantine program is in place.
Data used in the present and previous studies were
collected from the pre-SARS-CoV-2 vaccination
period. With more people immunized with SARS-
CoV-2 inactivated vaccines since late 2020, the
number of asymptomatic SARS-CoV-2-positive
individuals will be higher. These asymptomatic
individuals can be either vaccinated or non-
vaccinated. Therefore, continued monitoring of
asymptomatic groups is essential for controlling the
spread of SARS-CoV-2 in humans.

CONCLUSION

Neutralizing antibodies in the symptomatic and
asymptomatic groups with COVID-19 dropped
significantly to lower levels at 6 months post-PCR
confirmation, and continued monitoring of both
symptomatic and asymptomatic individuals will be
vital in controlling the spread of SARS-CoV-2.
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Supplementary Table S1. Studies on testing SARS-CoV-2 in populations containing asymptomatic individuals

Asymptomatic

Asymptomatic

Populations Total tested  positive/total positive/total Reference
positive, n (%) tested (%)

Iceland residents 13,080 43/100 (43) 0.3 Spread of SARS-CoV-2 in the Icelandic Population

Italy Vo' residents 5,155 42/102 (41.2) 0.8 Suppression of a SARS-CoV-2 outbreak in the Italian municipality
of Vo'

Ethiopia residents 61,599 1,935/2,617 (73.9) 3.1 Clinical features and risk factors associated with morbidity and
mortality among patients with COVID-19 in northern Ethiopia

Japan Diamond 3,711 328/634 (51.7) 8.8 Estimating the asymptomatic proportion of coronavirus disease

Princess cruise 2019 (COVID-19) cases on board the Diamond

Argentine cruise 217 104/128 (81.3) 47.9 COVID-19: in the footsteps of Ernest Shackleton

New York obstetrical 215 29/33 (87.9) 135 Universal Screening for SARS-CoV-2 in Women Admitted for

patients Delivery

Spain obstetrical 11,728 174/279 (62.4) 1.5 Obstetric Outcomes of SARS-CoV-2 Infection in Asymptomatic

patients Pregnant Women

West French Guiana 507 87/137 (63.5) 17.2 Maternal, fetal and neonatal outcomes of large series of SARS-

obstetrical patients CoV-2 positive pregnancies in peripartum period: A single-center
prospective comparative study

Flight back to Greece 783 35/40 (87.5) 4.5 High prevalence of SARS-CoV-2 infection in repatriation flights to

from United Kingdom, Greece from three

Spain, and Turkey

International Entrants 19,398,384 1,612/3,103 (51.9) 0.008 Asymptomatic SARS-CoV-2 Infections Among Persons Entering

to China from 90 China From April 16 to October 12, 2020

countries

Washington Nursing 76 27/48 (56.3) 35.5 Presymptomatic SARS-CoV-2 Infections and Transmission in a

Facility Skilled Nursing Facility

76 13/23 (56.5) 17.1 Asymptomatic and Presymptomatic SARS-CoV-2 infections in

residents of a long-term care skilled

Chicago Nursing 204 50/172 (29.1) 24.5 Management and outcomes of a COVID-19 outbreak in a nursing

Facility home with predominantly Black residents

France nursing home 456 14/161 (8.7) 3.1 Atypical symptoms, SARS-CoV-2 test results and immunisation
rates in 456 residents from eight nursing homes facing a COVID-
19 outbreak

Long-term care 116 10/111 (9) 8.6 Clinical Presentation, Course, and Risk Factors Associated with

facilities residents Mortality in a Severe Outbreak of COVID-19 in Rhode Island,
USA, April-June 2020

New Jersey hospital 829 27/41 (65.9) 3.3 Prevalence of SARS-CoV-2 infection in previously undiagnosed

and university health care workers at the onset of the U.S. COVID-19 epidemic

employees

Italy healthcare 1,573 17/139 (12.2) 11 Characteristics of 1573 healthcare workers who underwent

workers nasopharyngeal swab testing for SARS-CoV-2 in Milan,
Lombardy, Italy

New York city jail 978 58/568 (10.2) 5.9 COVID-19 in the New York City Jail System: Epidemiology and

system Health Care Response, March—April 2020

Boston homeless 408 129/147 (87.8) 31.6 Prevalence of SARS-CoV-2 infection in residents of a large

shelter homelss shelter in boston

India military 26 25/25 (100) 96.2 Spread of COVID-19 by asymptomatic cases: evidence from

quarantine facilities military quarantine facilities

Pediatric patients (< 18 2,135 94/728 (12.9) 4.4 Epidemiology of COVID-19 among children China

years old)

Children patients in 1,391 27/171 (15.8) 19 SARS-CoV-2 infection in children

Wuhan (1day-15 years

old)

US sailors 4,085 146/736 (19.8) 3.6 Symptom Characterization and Outcomes of Sailors in Isolation
After a COVID-19 Outbreak on a US Aircraft Carrier

Close contact of 314 753 240/449 (53.5) 31.9 Transmission of COVID-19 in 282 clusters in Catalonia, Spain: a

Spain patients

cohort study
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Supplementary Table S2. Studies on characterizing SARS-CoV-2 positive patients containing
asymptomatic individuals

Asymptomatic

Populations TOtE_!I,Of positive/total positive, Reference Note
Positive
n (%)
Kuwait residents 1,096 473/1,096 (43.2) Characteristics, risk factors and outcomes 35 presymptomatic
among the first consecutive 1,096 patients
diagnosed with COVID-19 in Kuwait
UK rehabilitation 45 15/45 (33.3) Asymptomatic severe acute respiratory
facility syndrome coronavirus 2 (SARS-CoV-2) infection
in a rehabilitation facility
Patients in Beijing 262 13/262 (4.9) Characteristics of COVID-19 infection in Beijing
Patients in Shanghai 328 13/328 (4.0) Follow-up of asymptomatic patients with SARS-
CoV-2 infection
Residents in South 199 53/199 (26.6) Asymptomatic infection and atypical
Korea manifestations of COVID-19: Comparison of
viral shedding duration
Patients in People’s 83 18/83 (21.7) A considerable proportion of individuals with
Hospital of Daofu asymptomatic SARS-CoV-2 infection in Tibetan
county population
Children in Zhejiang 36 10/36 (28) Clinical and epidemiological features of 36
(1-16 years old) children with coronavirus disease 2019
Children in Kuwait 134 91/134 (67.9) Clinical characteristics of pediatric SARS-CoV-2 3 presymptomatic

Bahrain patients and
their contacts

Air passengers to
Brunei

320 index cases
1,289 positive
contacts

138

160/320 (50)
1,127/1,289 (87.4)

16/138 (11.6)

infection and coronavirus disease 2019 (COVID-
19) in Kuwait

The high prevalence of asymptomatic SARS-
CoV-2 infection reveals the silent spread of
COVID-19

High proportion of asymptomatic and
presymptomatic COVID-19 infections in air
passengers to Brunei
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